The effects of partial-gravity, reduced pressure and sample width on upward flame spread over a thin cellulose fuel were studied experimentally and the results were compared to a numerical flame spread simulation.
The front and side video cameras provided color imaging recorded on conventional S-VHS videotape. A Prism DS infrared (FSI Inc.) camera with a flame filter was used to record 12-bit digital video of the solid surface at 30 frames per second. The bandpass flame filter centered at 3.8_tln was used to reduce the detection of gas-phase emissions (e.g. from 1-120, C02). The CaF window facing the IR camera was chosen to pass radiation in the 3-5_tm band in addition to visible wavelengths. The fields of view of the cameras were similar, however due to physical constraints the side view camera was mounted closer to the top of the chamber. During a test the flame would first appear in the front field of view, and only later in the side and IR fields of view.
The video imaging data was analyzed using the Tests with larger g-jitter were discarded. The duration of the partial,gravity aircraft maneuver generally increases with the intended acceleration level 1. The tipof the pyrolysis zone isindicated with the yellow diamond in the frontview as the downstream beginning of visiblyblackening fuel.The pyrolysis frontsand flames were peaked nearthe fuelcenterlinc.
In the region indicated as the burnout zone, fuel cracking and local burnout was evident to some degree in all tests; the severity increased for wider samples. In some instances, the pyrolyzing fuel curled near the burnout.
Close to the edge of the metal sample holder, fuel pyrolysis was quenched but the fuel smoldered after the flame passed.
In the upper left of the side view, some fuel has curled upward in the base region and is responsible for the orange color there. In cases where the burnout front was not uniform, a representative location was chosen to be halfway between the most and least advanced burnout locations. With increasing width, the samples burn less uniformly, especially the burnout front, which tends to advance more quickly along one side of the sample or the other.
Flammability Limits
Reducing the gravity level or pressure caused extinction.
At a given gravity level, the extinction pressure depends on sample width. A flammability chart for 2-cm wide samples burning upward in reduced pressure and partial gravity is shown in Figure 6 , where time-averaged test pressures are plotted vs. timeaveraged vertical gravity levels. For tests that ended with extinction the 5 seconds before extinction was used to compute the pressure and gravity averages. 
1.2
In cases of incomplete propagation, the distance that flames spread before extinction was determined to be a function of the initial test pressure.
In normal gravity at pressures above 0.15 atm, the entire sample burned while for pressures below approximately 0.10 atm, the fuel extinguished immediately after the promoted ignition. The shaded area in figure 6 indicates this transition from full to null propagation, which is attributed to oxygen depletion in the finite chamber. In between these pressures, the fuel was partial consumed.
A similar transition seems apparent in partial-gravity environments, but this observation is based on a limited number of tests. are shown in Figure 13(b) . The temperature profiles along the fuel centerline are given in Fig. 13(c) . stagnation point and fuel vapor blowing from the surface in the flame stabilization zone. The streamlines then bend toward the solid due to flow acceleration in the flame zone. Qualitatively, this is quite different from that in the purely forced flow where the streamline is always directed away from the solid unless the flow is confined by an excessively small wind tunnel s'1°'17.
The computed and experimental two-dimensional temperature profiles in Figures  13(a) The flame and pyrolysis lengths can also be compared at these three gravity levels. In the three simulations presented here, an unburned fuel fraction of 95% consistently occurs at the transition from the pyrolysis to preheat regions based on the slope of fuel surface temperatures, which was chosen as the computed pyrolysis front. The integrated fuel reactivity contour of 10 -4 effcm:/s (that was shown in Fig. 11 ) was chosen to represent the boundary of the visible flame.
In The flame-spread simulation was also used to estimate flammability boundaries that are reached by reducing pressure or the local gravity level. In the simulation, the boundary is determined by failure of the computation to converge to a steady solution. The experimental flammability data in Fig. 6 is re-plotted in Figure 19 together with the computed solutions. At a gravity level of 0. I0 G, the model predicted extinction at 0.12 arm pressure, lower than the experiments indicated.
A low gravity extinction limit was determined at a pressure of 0.272 alan, where the flame went out at 2.5 x 10 -3 G. Due to g-jitter, this gravity
level is below what can be accessed using the aircraft. of Biological and Physical Sciences the Microgravity Science Division, and the NASA Graduate Student Research Program, for which the authors are grateful. We also thank P. Ferkul, 1L
Petteglew, and J. Easton for their help with partial gravity experiments aboard the aircraft.
A detailed three-dimensional upward flame spread model in laminar flow has been formulated and numerically solved. It has been used to compare with the experimental data and to provide additional insight on the spreading flame structures. The model consists full Navier-Stokes, equations, a finite-rate one-step gasphase reaction, a solid pyrolysis decomposition reaction and surface radiation loss. The model solution yields details of the three-dimensional gas-phase flow field, oxygen transport, temperature and species distributions in addition to two-dimensional surface temperature and thickness profiles and lmming rate distribution.
Comparisons with experiments have been made wherever the experimental data are available.
Both experiment and model suggest that the flame spread rate, the flame and pyrolysis lengths are proportional to gravity level (within the range tested).
The proportionality constants may vary with pressure and sample width.
Quantitative agreement between experiment and model exists for flame spread rates.
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